In this paper, a novel fuzzy simplex sliding-mode controller is proposed for controlling a multivariable nonlinear system. Here, the fuzzy logic control (FLC) algorithm and simplex sliding-mode control (SSMC) theory are integrated to improve the system states response and to reduce system states chattering phenomenon of the controlled system for simplex control method. Hence, from this motivation yields the so-called fuzzy simplex sliding mode control (FSSMC) scheme. the fuzzy logic control algorithm and simplex sliding mode control algorithm is integrated to improve the system states response and chattering phenomenon. In this paper, at first, we introduce the principle of simplex method, and then develop the fuzzy controls based on the simplex method. Finally, a numerical example is proposed to illustrate the advantages of the proposed controllers, the simulation results demonstrate that the fuzzy simplex type sliding mode control scheme is a good solution to the chattering problem in the simplex sliding mode control.
Introduction
The simplex sliding-mode control was first proposed by Baida and Izosimovfor [1] for the control of multi-input continuous systems. Diong [2] [3] [4] extends to linear multivariable continuous systems. Others [5] [6] [7] [8] extended the research from multi-input linear continuous systems to multi-input nonlinear continuous systems and demonstrated the feasibility of these systems. In this paper we will develop the fuzzy simplex type sliding mode control (FSSMC) in a nonlinear multi-input system. Basically, the simplex SMC control design procedure is similar to that of the conventional sliding-mode control (SMC). It includes the sliding and reaching conditions. In the first step, we determine the sliding surface such that the closed-loop systems are stable in the sliding mode. Next a set of simple hitting control vectors is chosen so that the states will move toward the sliding surface as soon as possible. The simplex-type SMC is different from the conventional SMC in some fundamental aspects. The choice of control vectors is easier than that in the SMC. Suppose in an m dimensional vector space, the control vectors must satisfy the simplex definition, and the simplex dependent set contains only 1 m + vectors. The simplex method is easy and brief to design the sliding mode, but it also has some disadvantages. Since the control vectors are constant, the chattering phenomenon also occurs when switching control take place in simplex-type SMC scheme. In order to ensure conditions are satisfied, sometime we must select a sufficiently large magnitude control vector. However, increasing the magnitude of the control vector aggravates the chattering problem. Hence, we integrate fuzzy algorithm into the simplex method and form a fuzzy simplex sliding mode control such that it improves the choice of simplex control vectors, and chattering phenomenon. In this paper the irregular simplex concept is transferred to a fuzzy framework, the design phase is that a regular simplex of control vectors u add an control change quantity du that obtained by fuzzy control rule, then yields a new irregular simplex control vector ' u u du = + applied to the controlled systems to manipulate σ toward the origin.
The remainder of this paper is organized as follows: the Simplex-Type Sliding Mode Control is brief described in Section 2. In Section 3, the fuzzy Simplex Sliding Mode Control is addressed. Section 4 presents an example to demonstrate the validity of the propounded of adaptive simplex sliding mode control. Finally, we conclude with Section 5.
Simplex-Type Sliding Mode Control
Considering a class of nonlinear affine systems:
where m u R ∈ is the control input, n x R ∈ is system states ,and m n ≤ . We want to control the state variables ( ) x x t = of the system to fulfill the condition 
where m n S R × ∈ , the sliding manifold being defined by the mapping : n m R R σ → . By means of linearization with respective to the equilibrium points of the nominal system (1), one can get a linear multi-input system (4) x Ax Bu = + , (4) where n x R ∈ and m u R ∈ represent the state and control vectors of the system, respectively, and all the matrices have appropriate dimensions. The system (4) is assumed to be controllable. in this paper we use the design approaches of [3, 4] as the method of determining the sliding function and sliding-mode dynamics. Suppose
is selected such that both of them have full rank, and H satisfies 0
then we can get simplex SMC dynamics ( ) This definition means that a simplex is a set of 1 m + affinely independent vectors in m R such that 0 m is in the interior of the convex hull of those vectors. For simplex-type nonlinear sliding-mode control to let us effect a coordinate transformation, the following transformation is performed [1, 8] :
(7) The system of equations which describes the variable ε will be
Thus, each i Σ is an infinite cone, with vertex at 0 m , situated on the side of m R opposite to i u . For any partition of the ε space into 1 m + regions by using a regular simplex, the control vector u is decided as follows , then the origin is asymptotically stable, and the closed-loop system described by (1) and (10 ) will achieve the sliding mode on the hypersurface 0 ε = in finite time.
Fuzzy Simplex-Type Sliding-Mode Control
The irregular simplex controller j j u u du ′ = + addressed by theorem 1 inspire the fuzzy irregular simplex sliding mode control scheme; the irregular simplex concepts will be exploited to develope the fuzzy irregular simplex-type sliding-mode control. The fuzzy control rules modify the regular simplex control vectors such that the system states are steered to the origin. We rotate an angle θ between the 3 u and the σ , then according to the magnitude of σ and to the change of σ ∆ to decide the compensative quantity of du in order to achieve a expectative closed-loop behavior. The stability is guaranteed because the fuzzy rules satisfy Theorem 1. According to the above explanation, we can build the fuzzy control rules which is tabulated in Table 1 . The crisp control command du is calculated by center-average defuzzification method, the output du is computed as
here i µ is the degree of the antecedent of the ith fuzzy rule, and i c is the center of the membership of du in the ith fuzzy rule.
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The first step is the selection of H , which must satisfy 0 HB = , thus after some computation one can get 1 0 1 0 , cannot meet the assumption 1 that results in the unstable response. Therefore, if we do not compensate j u the system is always unstable. The simulation results of Case 2 for phase trajectory are depicted in Figure 2 , are appropriately large, hence it is big enough to satisfy the simplex definition and fulfill the assumption 1 such that it can stabilize the system but has much chattering. The phase trajectory of case 3 is depicted in Figure 2 (c). From these figures of phase response one can see the proposed fuzzy simplex control law can achieve a smoother response than case 2. In case 2 the states of the system will repeatedly cross the switching surfaces and slide to the boundary of origin, in this situation since the control vectors are constant and have no strategy to reduce the control quantity, therefore, the chattering phenomenon occurs in the boundary of origin. However, the proposed fuzzy simplex control law can achieve a smooth response, and drive the states towards the origin with lower chattering, because the control change quantity, du can compensate by fuzzy rules, it can gradually decrease the magnitude of the simplex control vector j u during ε approach to the origin, which results in chattering elimination.
Conclusion
This paper considered the design of adaptive control based on simplex-type sliding-mode control philosophy for a nonlinear affair multivariable system. These procedures were illustrated on a nonlinear multi-input system; the results showed fuzzy simplex-type sliding-mode control much improved transient responses compared with the transient responses obtained with only simplex PB PB PB PB PB PB PB control law. The example also indicated that a fairly large simplex control effort was required to obtain better performance, however the transient responses accompany with the chattering. Fuzzy simplex-type sliding-mode method can reduce the control effort required and attenuate chattering circumstances. Hence, one can conclude that the FSSMC theoretical study and the simulation results prove that the fuzzy simplex type sliding mode control proposed in this paper is a stable control scheme and is a good solution to the chattering problem in the simplex sliding mode control. 
